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Abstract 
Attempts to gain an insight and present bacterial growth pattern from OVAT 
perspectives are quite defective and strenuous. The present study aimed at evaluating this 
concept from the different perspective by evaluating factors with more impacts on the 
growth of a mesophilic bacterium, Bacillus cereus (ATCC 14579) in a batch type medium 
of orbital shake flasks. Screening of linear and interactions effects of parametric markers 
was evaluated by two level (2
4
) factorial design of experiment (DOE). Growth was found 
to respond significantly to nutrient concentration coupled with other independent 
variables. The factorial models established from experimental design to investigate the 
individual and interactions effects toward the response within the selected variables of 
nutrient concentration (4-16 g l
-1
), temperature (30 
o
C – 42 oC), agitation (140 rpm-200 
rpm) and acclimatization time (24 hours-72 hours). These were statistically validated 
using analysis of variance (ANOVA). The results revealed that the model terms were all 
significant with F-value of 251.07 at (p =0.004). The model term having the most 
significant effect on the response was nutrient concentration. And the magnitude of the 
influence is in the ascending order A > B > AB > C > AC. Based on the R
2 
and adjusted 
R
2
 the estimated model terms spell high degree of relationship between observed and 
predicted values, thus the prediction ability of the models is maintained. It could, 
therefore, be concluded that nutrient concentration, temperature and acclimatization time 
were variables that greatly limit growth at a specific range.  
 
Keywords: Screening, markers, mesophilic, bacterium, growth, factorial, design  
 
1. Introduction 
Bacterial adjustment to its immediate environment depends on a range of physical and 
chemical stimulants [1-3]. Changes in any of the growth influencing factors such as 
nutrient availability, temperature, pH, aeration, redox potential, water activity, media 
concentration, and volume were reported to have an effect on bacterial growth rate, which 
is universally known as stress phenomenon [1]. B. cereus, as reported in some scriptures 
has the potential of withstanding a wide range of oxidative stress conditions through 
evolving a set of strategies that allow its growth and biosynthesis [4]. One of such 
strategy is the formation of stress-resistant endospores and as well uptake of external 
DNA, which allows the bacteria to adapt by recombination [4,6] (Dos Santos et al., 2013; 
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Zhong et al., 2014). Brake down of growth substrates involve a series of biochemical 
activities facilitated by integrated enzyme systems within the host bacterial cells 
[6,7]
(Swain et al. 2006; Abada 2014). Various research studies were conducted to ascertain 
the relative important of individual effects of these growth factors. However, not much is 
reported concerning the interaction and complementary effects of these factors 
influencing the bacterial growth using factorial experimental design in orbital shake 
flasks.  
The conventional approach used for screening relation between independent (growth 
limiting factors) and dependent (growth) variables involves varying one variable at a time 
while fixing all other at certain level, is known as “one-variable-at-a-time (OVAT), or 
one-factor-at-a-time, (OFAT)” [3, 8,9,10](Singh et al. 2011; Navaneeth et al. 2009; 
Mosquera et al. 2014; Cook 1996). Although, this approach has been found to be useful in 
observing the individual effects of the media components and process conditions [11,12] 
(Mandenius & Brundin, 2008; Tabbene, et al., 2009), it is however, lacking in predicting 
the interaction and interrelationship between the various components influencing the 
realization of a particular response [5,9,11,12] (Cho, Kim, & Kim, 2009; Curtis, 2011; 
Navaneeth et al., 2009; Tabbene, et al., 2009; Zhong et al., 2014). In addition, this 
approach has failed to fill the pipeline, as it is time-consuming by having too much 
number of experimental runs, as well as being full of bias.  This is further argued by the 
fact that variable cannot be studied by varying one factor at a time, as it often does not 
allow determination of actual optimum level of different components for a particular 
metabolic activity, as well as enable identification of vital factors affecting a process [14] 
(Ridzuan, et al., 2016). Comparatively, statistical factorial design of experiments, provide 
an alternative approach through screening of a particular process by considering 
individual and mutual interactions among the variables and give an estimate of the 
combined effect of these variables on the final result [15] (Onsekizoglu, et al., 2010; 
Murthy et al. 2000; Mizumoto and Shoda, 2007; Pryor et al., 2007(b)). A factorial design 
is used to generate data for future response surface optimization studies, which facilitate 
determination of optimum conditions for any particular processes [14, 16] (Hooshyar et 
al., 2014; Ridzuan et al., 2016). 
The relationship between the response and the input is given “Refer to Equ. 1” 
                     η = f (x1, x2…..xn) +ε ………….. (1) 
Where η is the response, f is the unknown function of response, x1,x2…..xn denote the 
independent variables, also called natural variables, n is the number of the independent 
variables and finally ε is the statistical error that represents other sources of variability not 
accounted for by f. Selected independent variables are assign levels based on different 
ranges each of the coded variables is assigned to a range from -1 to +1, so that they all 
affect the response more evenly, so the units of the parameters are insignificant. 
Generally, the polynomial model used a full quadratic equation, and is given “Refer to 
Equ. 2” 
           Y= β0 + Σ βixi + Σ βiixi2 + Σ βijxixj ……….. (2) 
Where Y is the predicted response, β0, βi, βii and βij are regression coefficients for 
intercept, linear, quadratic and interaction coefficients respectively and xi and xj are 
coded independent variables. The system of equations given above is solved using the 
method of least squares (MLS) of multiple regression techniques using Design expert 
software (Stat-Ease, Inc, version 7.1.6, Minneapolis, USA). Once the regression 
coefficients are obtained, the estimated response could be easily calculated using model 
equation.  
    Determination of actual bacterial growth pattern and the limiting factors involved is 
obviously erroneous and onerous, owing to the complexity of the mechanisms involved. 
This is quite apparent with the approach of using one-factor-at-a-time, due to its 
unjustifiable method of choosing factors and their ranges, besides being a time consuming 
and its inability to reveal interactions contribution of these factors toward bacterial growth 
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and biosynthesis. Indeed, so much remain unknown regarding these mechanisms. 
Consequently modeling and simulative approach to understanding and predicting 
microbial growth pattern, as well as the nature of linear and interactions impact of growth 
influencing variables is found to be a prepared and best approach. The present study was 
envisaged with an aim to highlight a novel approach of applying factorial experimental 
statistical design to screen the individual and interactions effects of nutritional 
composition, acclimatization time and other physical parameters such as agitation speed, 
temperature, on the growth pattern in a shake flask. The outcomes of the screened factors 
influencing bacterial growth together with their optimum values could further be utilized 
to optimize the process conditions of this isolates in modeling optimum growth 
conditions. 
 
2. Materials and Methods 
2.1 Strain and Cultivations 
This research was carried out with B. cereus (ATCC 14579) and its growth media 
obtained from Merck (Malaysia) Sdn. Bhd as a local agent dealing with the bacteria, 
sourced from Microbiologic, 217 Osseo Ave. North, St. Cloud, USA. Enriched culture 
media was prepared in accordance with the manufacturer’s guidelines. Typically, 8 g of 
nutrient broth was dissolved de-ionized water (DI) to a final volume of 1L in a Schott 
bottles and shaken vigorously until it dissolved. The solution was heated on a hot plate 
and sterilized in an autoclave H+P Varioklav Steam Sterilizer ESCO, at 121 °C for 15 
minutes; the sterilized media was then placed in a water bath to cool the media to 47 °C 
before pouring into various 20 ml sampling bottles. The stock cultures of B. cereus were 
maintained throughout the experiment by periodic sub-transfer at least fortnightly on 
nutrient agar (NA) and stored at 4°C in a refrigerator 
[17, 18] 
 For preparing pre-culture, 1.3 
loopful of cells from a 24-h actively growing culture on a nutrient agar plate was 
transferred into a 20 ml bottles containing freshly nutrient broth (NB) 10% (w v
-1
) and 
then it was incubated at 37°C in a microbiological incubator (M Emmert-Germany/BE 
600) at 37 °C for 24 hours at a vigorous shaking of 180 rpm using Orbital Shaker (B. 
Braun, German model). After 24 hours, the inoculum was transferred into a 500 ml 
Erlenmeyer flask containing 150 ml of nutrient broth (wv
1-
) with 30% (vv
-1
) of the 
original volume of the shake flask 
[19]
. The inoculation process was aseptically performed 
inside a laminar flow to avoid any contamination; as well the flask was passed over a 
Bunsen burner flame before seeding and after. This inoculation was done three times each 
to ensure proper bacterial growth. The samples were then placed on a shaker and 
calibrated for agitation and temperature accordingly for each run. The experiment was run 
under the selected different ranges of nutrient concentration, acclimatization time, 
agitation, and temperature for 24 and72 hours each. The medium pH was kept constant at 
a near neutral of 7.0±2 throughout the experiment using 0.5 M buffer, hence is not 
mentioned as a factor. The effect of these factors on the growth of B. cereus was 
monitored and analyzed.   
 
2.2 Analytical Procedure 
For growth analysis, 2.5 ml aliquots were withdrawn periodically at fixed intervals for 
24 hours. Growth was monitored turbidimetrically by measuring optical density 
(absorbance) of samples periodically withdrawn aseptically from the flasks. Absorbance 
was estimated at wavelength 600 nm against a blank NB using UV-VIS 
Spectrophotometer (Hitachi, U-1800, Japan), after appropriate dilution to obtain an OD 
value of < 0.5 in 
[20]
  modified. This is to ensure that the Beer–Lambert law applies. 
Alternatively, a range could also be selected when a huge growth is expected so as to 
remain within the linear part of the relation between cell number and optical density 
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without any need for a dilution to get a reliable value (Galushko, 2015). Optical density is 
an indirect method for measuring bacterial growth which is based on the mechanism of 
light passing through a suspending medium. This concept is based on the fact that, as the 
cells grow the suspension become more turbid, hence the less percentage of light 
transmitted. However, UV-VIS spectrophotometer is working based on absorbance of 
light by the suspended medium, which is directly proportional to the increase in cell 
number and inversely proportional to percentage light transmission (%T).  
 
2.5 Factorial Design for Screening Main Parameters Affecting Bacterial Cell Growth 
In this study, four factors e.g. nutrient concentration, temperature, acclimatization time 
and agitation speed were selected and screened for their effect on cell growth of B. cereus 
(measured at OD 600nm) using a fractional two (2
4
) level factorial design. These factors 
were selected based on the information from scientific articles. The levels of independent 
variables; nutrient concentration, temperature, acclimatization time and agitation speed, 
were based on the results obtained in previous OFAT studies by Azoddein, et al., 
[20]
.  
Each variable or factor was studied at two coded level; low-level (-1) and high-level (+1). 
Table 1 & 2 show a designed matrix of the factors and levels employed for the experiment 
and a total of eight runs (2
3
) were conducted in replicated to minimize presumed 
experimental and other errors. The effect of each variable and their interactions on the cell 
growth was statistically determined. True response surface was approximated over a small 
experimental region by a low-order polynomial. A first-order polynomial model is only 
able to estimate the main effects of the experimental factors and does not account for 
either interactions or curvilinear effects. If there is little curvature in the limited region, a 
first-order model with interaction is appropriate for modeling. Adding interaction terms 
introduces curvature into the response function 
[15]
. The first-order model with interaction 
terms proposed for each response variable (Yi) was based on the multiple linear 
regression methods. A probability (P) value for a given factor less than 0.05 (95% 
confidence interval) was considered as significant. For three factors system a polynomial 
equation model in terms of coded factors was used to predict the response of bacterial 
cells to the selected variables: 
Y = β0 + β1x1 + β2x2 + β3x3 + β12x1x2 + β13x1x3 + β23x2x3                                           (3) 
 
  Where βi are the values of the regression coefficients, β0 being the constant term, β1, β2 
and β3 the linear effects, β12, β13 and β23 the interaction effects while the A(x1), B(x2), 
C(x3) are the independently coded variables (nutrient concentration, temperature 
difference, acclimation time and agitation respectively). Stepwise deletion of terms was 
applied to eliminate the statistically non-significant terms. The goodness of fit of the 
model and significance of each regression coefficient was evaluated by regression 
analysis of the residual values, analysis of variance (ANOVA) and by the correlation 
coefficient R
2 
parameters (Eq. 4-9). The statistical significance was checked by the F-test 
[12, 15]
. These statistical parameters used to validate the fitness of a particular model are 
given by the equations below: 
 
 
   
               
Adj. R
2
  
 
Pred.  
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Adequate Precision:      
                      
Where the P= number of model parameters (including intercept  and any block 
coefficients), residual MS from ANOVA table n = number of experiments. 
 
PRESS =    
                       
On the other hand statistical model to identify those factors that had a significant 
effect, either positively or negatively on the dependent variable (bacterial growth) is a 
need. The impact of each parameter was evaluated as the difference between the average 
value of the response for the eight experiments at the absolute high level (+1) and the low 
level (-1) by below equation: 
 
   
                                
Where E (Xi) is the main effect of the measured variable, R is the response, n, a 
number of an experimental run for a particular level (+ or -). It was indicated that, when 
the variable sign is positive, then their effect on bacterial growth is significant at higher 
value or concentration, while the effect of the variable is greater at low concentration 
when the sign is negative [16]. 
Table 1. Actual Values of Experimental Variables use in the 23 Fractional 
Factorial Design 
 
Table 2. 23 Fractional Factorial Design Coded Levels Matrix 
            Factors        Response 
Run 
Coded/uncoded 
          (x1) 
Coded/uncoded 
        (x2) 
Coded/uncoded 
          (x3) 
Coded/uncoded 
         (x4)                          
Growth  (Average 
 OD 600nm) 
1          +1(16)       -1(30)          +1(72)        -1(140)          1.958±0.022 
2          +1(16)       +1(42)          +1(72)         +1(200)                   3.000±0.019 
3          -1(4)       -1(30)          +1(72)         +1(200)          1.644±0.032 
4          -1(4)       +1(42)           -1(24)          1(200)           0.901±0.017 
5          +1(16)        -1(30)           -1(24)          +1(200)           2.000±0.023 
6           -1(4)        +1(42)            +1(72)          -1(140)           1.376 ±0.016 
7           +1(16)        +1(42)           -1(24)         -1(140)           3.000±0.021 
8           -1(4)        -1(30)           -1(24)          -1(140)           1.325±0.040 
 
        Range   
Variables   Units Low (-1) 
 
High (+1) 
Nutrient Concentration(A/x1) g/l 4   16 
Temperature (B/x2)  
o
C 30 
 
42 
Acclimatization time (C/x3) hours 24 
 
72 
Agitation speed (D/x4) rpm 140  200 
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3. Results and Discussion 
 
3.1 Screening of Variables for B. cereus Growth using Fractional Factorial Design 
(FFD) 
Four variables were assessed at different level regarding their effect on bacterial growth 
using fractional factorial design. The design matrix selected for the screening of 
significant factors on the growth and their corresponding responses were indicated in 
Table 1. From the responses, the mean value of cells growth was 1.90 OD With a standard 
deviation of 0.057. Based on the results, however, it can be inferred that the linear and 
interactions impact or otherwise for the screened variables to bacterial growth was quite 
correlating. The independent and dependent variables were found to have fitted to the 
first-order polynomial model equation with interaction terms and for each response, the 
variable was examined for the goodness of fit. Table 3 presented the overall diagnostic 
statistical report for the experimental runs. Figures from this table indicated the specific 
linear and somehow the interactions contribution of the independent variables to bacterial 
growth. This can be seen from the non-synergistic figures of actual versus predicted mean 
values, as well as the large influence of fitted values and cook’s distance. This anomaly 
was also quite clear from the design matrix results in runs 3, 4, 6 and 8 (Table 2). But the 
reason for this disparity on the model terms remains unknown, although it may be 
apportioned to design or data error. Table 4, 5 and 6 presented the screened results via 
student’s t-test for ANOVA with the regression relationships for each response 
monitored. The results show the value P-model in the ANOVA was lower 0.05, which 
indicated a significant relationship between the variables at 95% confidence level (Table 
4). The model depicted high determination coefficient (R- Squared = 0.9984), which 
explain 99.84% of the variability in bacterial growth (Table 5). According to some 
previous findings, model terms of 𝑃 value less than 0.05 implies that model term is 
significant 
[12,14,16,22-26]
. The P values were used as a tool to check the significance of each 
of the coefficients, which in turn may indicate the pattern of the interactions between the 
variables. The smaller the value of P, the more significant was the corresponding 
coefficient 
[27]
.  
 
Cell growth = 1.90 + 0.59A+ 0.17B + 0.094C + 0.34AB – 0.10AC                            (2) 
  
Table 3. Diagnostic Case Statistics Report for Screening Experimental Run 
 
Std 
Order 
Actual 
Value 
Pred. 
Value 
Residual Leverage Internally 
Studentized 
Residual 
Externally 
Studentized 
Residual 
Influence on 
Fitted Value 
DFFITS 
Cook’s 
Distance 
Run 
Order 
1 1.33 1.29 0.039 0.750 1.366 3.714 * 6.43 0.932 8 
2 2.00 1.99 0.010 0.750 0.368 0.269 0.466 0.068 5 
3 0.90 0.94 -0.039 0.750 -1.366 -3.714 * -6.43 0.932 4 
4 3.00 3.01 -0.011 0.750 -0.368 -0.269 -0.466 0.068 7 
5 1.64 1.68 -0.039 0.750 -1.366 -3.714 * -6.43 0.932 3 
6 1.96 1.97 -0.011 0.750 -0.368 -0.269 -0.466 0.068 1 
7 1.38 1.34 0.039 0.750 1.366 3.714 * 6.43 0.932 6 
8 3.00 2.99 0.010 0.750 0.368 0.269 0.466 0.068 2 
*  Exceeds limits 
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Table 4. ANOVA Table for the Growth Response 
Source df Adj. SS  Adj. MS F-Value p-Value % Contribution 
Model 5 4.09558       0.81912      251.07         0.004            ----    
Linear 3 3.07387       1.02462      314.06         0.003             ---    
Nutrient 1 2.77537        2.77537      850.69        0.001             67.66 
Temperature 1 0.22781        0.22781      69.83          0.014             5.55 
Acclimatization 1 0.07069         0.07069     21.67          0.043             1.72 
Interactions 2 1.02171         0.51085     156.58        0.006              -- --  
Nutrient versus Temp. 1 0.93434         0.93434     286.39        0.003             22.78 
Nutrient versus Acclim 1 0.08736         0.08736     26.78          0.035             2.13 
Residual Error 2 0.00653         0.00326 
   
Total 7 4.1021         
 
Table 5. Statistics used to Test Goodness of Fit of the Models 
Parameters                                                                                                                         Values 
R-Squared                                                                                                                      0.9984 (99.84%) 
Adj R-Squared                                                                                                               0.9944 (99.44%) 
Pred. R-Squared                                                                                                             0.9745 (97.45%) 
Adeq. Precision                                                                                                               41.857 
Std. Dev                                                                                                                            0.057 
Mean                                                                                                                                1.90 
Coefficient of Variability (C.V.)                                                                                     3.01 
PRESS                                                                                                                               0.10 
 
3. 2 Main Variable Effects Analysis on the Dependent Variable 
Table 6 shows the explicative linear effect of variables which can be estimated from 
their sign (+ or -) and their magnitude. These Positive and negative signs indicate 
increasing or decreasing impact of each variable on bacterial growth. There are three 
potential variables (nutrient concentration, temperature and acclimatization time), which 
have a positive sign and other last variables (agitation speed) had a negative sign. All the 
model terms were significant at p< 0.05. The model term having the most significant 
effect on the growth response is A with 𝐹-value of 850.69  and p=0.001 (i.e. p<0.05) and 
the effect is in the ascending order A > B > 𝐴𝐵 > AC > 𝐶. Table 4 indicated the statistical 
analysis of variance (ANOVA) of the experimental factors and their percentage 
contribution, coupled with their interaction effects to bacterial growth. Figure 1 shows the 
trend of main eﬀ ects plots when the factors are varied in their positive and negative level. 
For the overall individual eﬀ ect, these graphs show that factor A- and B- have a least 
significant effect on the cell growth compared to A+, , B+, C- and C+, while factor D 
seemed not significant, although a little more responding at negative level. The factors 
with steeper slopes demonstrated the major eﬀ ects, and thus, it would contribute to the 
largest impact on the experimental results. Therefore, the eﬀ ect of factor A, nutrient 
concentration, was identified as the largest contributor compared to other factor eﬀ ects. 
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Comparatively, Figure 2 as well depicted the main individual effect of signals on the 
dependent variable. Perturbation plot does not show interactions effect, thus it is like a 
one-factor-at-a-time experimentation. However, it can be utilize in comparing the effects 
of factors by default in their corresponding centre levels in the design space. The response 
is plotted by changing only one factor over its range while holding of the other factors 
constant. A steep slope or curvature in a variable indicates that the response is sensitive to 
that factor. 
A relatively flat line shows insensitivity to change in that particular factor 
[24] 
.  It’s 
quite clear that the impact of nutrient concentration was responded much at a higher 
concentration (positive deviation) point over all the other factors. Temperature and 
acclimatization time on the other hand were less steep and contribute to the growth at 
lower range or negative deviation point from the center.  Overall, a main and interactions 
effect of the variables was depicted in Figure 2. It has been shown that the bar lengths of 
Pareto chart are proportional to the absolute value of the estimated effects at 95% 
confidence level, which indicate order of significance of each linear and interactions 
effects of the variables, with nutrient concentration demonstrated the most significant 
effect on the growth of B. cereus. The interaction of nutrient concentration and 
temperature difference effects were very small in comparison with linear effects but it was 
also significant at 95% confidence level. This pattern agrees well with what was reported 
by Onsekizoglu, et al., 
[15]
 . 
 
 
Figure 1. Main Effects Plot for the Screening of Growth Markers using FFD 
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Figure 2. Perturbation Plot of Main Signals Effects on P. putida Growth 
 
 
 
 
Figure 3. Pareto Chart of Factors’ Main and Interactive Effects 
 
3.2.1 Effect of Nutrient Concentration 
The nutrient concentration with the highest percentage contribution of 67.66%, mean t-
value of 29.17 and main effect of 1.18 was obtained from the analyzed results. It was 
observed to be the main and most important factor affecting B. cereus growth. Nutrient 
being the main constituent of cell biomass is required for bacterial growth and 
biosynthesis under optimum physical parameters of main temperature, the age of the 
culture and acclimatization time. For microbes, growth is their most essential response to 
their physiochemical environment [28].  Bacterial growth and biomass response to media 
were found to rely heavily on different composition ranging from single to multiple 
substrates, although screening and optimization approach of medium constituents is not 
much popular [3]. Although the nutrient concentrations used in this work were inside the 
range of values normally used for B. cereus culture media, the cell density was 
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significantly higher at a range greater than the recommended value [29, 30]. In addition, 
the growth rate is observed to be a function of nutrient composition [31], uptake and 
utilization which is also a function of growth machinery or phase. 
 
Table 6. Statistical Analysis of the Explicative Factors on B. cereus Growth 
via Fractional Factorial Design (FFD) 
 
Variables Terms Main 
Effect 
t-Value p-
Value 
Confidence Level 
(%) 
 A Nutrient Conc. 1.18 29.17 0.001 99.90% 
 B Temperature 0.34 8.29 0.014 98.60% 
 
C 
Acclimatization 
time 0.19 4.65 0.043 95.70% 
 D Agitation  -0.03 0.58 0.667 33.30% 
  
 
3.2. 2. Effect of Temperature 
The operational and invariably environmental temperature range was the second most 
contributing variable to B. cereus growth. Although this strain is mesophilic in nature as 
well as spore-forming type, it was observed to thrive better at a temperature range of 36-
40
o
C. Percentage contribution of this variable was no more than a tenth that of nutrient 
contribution. Substrate utilization for bacterial growth and biomass synthesis is indeed 
enzyme dependent mechanism which rests so much on the temperature. Enzymatic 
activities are reported to be very aggressive up to a certain temperature threshold from 
where it cast a negative effect of denaturing the enzyme, thus decelerating the growth 
possibly due to slowed metabolism. In addition temperature range of 36-40
o
C  speed up 
the rate of substrate uptake and utilization and subsequent incorporation form cell 
biomass synthesis. A similar trend of bacterial growth was reported by 
[20]
.
 
This 
temperature range is closer to that of the surrounding environment especially in a tropical 
climate type of Malaysia as well more economical due to less energy required. 
 
3.2.3 Effect of Acclimatization Time 
Acclimatization time or residence time is the least important variable with a percentage 
contribution of  1.7%.  It is an important indicator by the way especially as it related to 
the age of the inoculated culture which requires a longer time to acclimatize to its new 
medium as indicated by a little longer lag phase. Upon introduction into the new 
environment, B. cereus is able to organize its cellular constituents and require no more 
than 24hours to reach a peak exponential growth phase.  However other factors may 
prolong this period to least 36-48 hours depending on the age of the culture, species and 
nutrient composition and type. Acclimatization time effect on growth was reported by 
[32]
, 
although with a little longer time of 72 hours, while Azoddein, et al., 
[20]
 reported similar 
time period bacterial growth and biomass synthesis.  
 
3.3 Interactions Effects of the Variables on the Growth 
This is the most important component of screening the variables effects by identifying 
how their individual effect interacts with each other to impact the dependent variable 
positively. Figure 4 (a & b) show the interactions (two-way interactions eﬀ ects, 2FI) of 
the significant factors above 0.5% (95%) significant level. Figure 4a shows the interaction 
of nutrient concentration and temperature difference (AB), which was statistically 
significant with F-value of 286.39. This is the most important independent variables 
interactions effect on the B. cereus growth, second to the main effect of nutrient 
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concentration in term of contribution. This interaction is larger at a nutrient concentration 
of 15g/l and temperature of 40
o
C and a fixed acclimatization time of 48 hours with a 
resultant optimal cell density of ≥ 3 OD. The steeper the contour plot the more significant 
the interaction effect on the dependent variable. It is indicated that at an optimum 
temperature range, enzyme activities is enhanced which speed up the rate of nutrient 
utilization and thus subsequent higher cell biomass synthesis. The results were in 
agreement with the previous findings 
[27, 33]
. The sustainability of this isolate at such a 
high-temperature range was probably due to the spore- forming nature. Figure 4b, on the 
other hand, shows the interaction effects of nutrient and acclimatization time (AC) which 
was found to be of less impact to bacterial growth.  This was clearly indicated by the 
somehow parallel contour plot which shows time to be less significant in term of nutrient 
utilization. However, a growth of not more than 2.5 OD600 nm was recorded at a hold 
temperature value of 40
o
C. Although growth appeared to be insensitive to time, it was, 
however effective at high nutrient concentration, with some degree of variation at a low 
nutrient range between 24 and 72 hour acclimatization time.  
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Figure 4. Screening of Interactive Surface Plots: (a) Contour plots (b) 
Surface Plots: (a) Nutrient Concentration (A) and Temperature (B) at Fixed 
Acclimation Time C=48hr and Agitation Speed D=188.65 (b) Nutrient 
Concentration (A) and Acclimation Time (C) at a Fixed Temperature (B) =36 
and Agitation Speed (C) =188.65 
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3.4 Validity of the Model 
The goodness of fit of the model was evaluated by the coefficient of determination 
(R
2
), adjusted-R
2
, predicted-R
2
, coefficient of variance (CV), the prediction residual error 
sum of squares (PRESS), adequate precision and the lack of a fit test for the model from 
the ANOVA table. Tables 4 and 5 summarize the statistics used to test the adequacy of 
the model. The p-value for the model was less than 0.05, hence indicating that the terms 
in the model have significant effects on the response. The coefficient of determination 
(R
2
) is the proportion of variation in the response (s) attributed to the model. It is 
suggested that R
2
 should be close to 1 for a good fit model (i. e. not less than 0.8 for 
biological processes). The estimated model for growth had satisfactory R
2
 values of more 
than 90% variability in bacterial growth; however, it was argued that a large value of R
2
 
does not always imply that the regression model is a good one. Thus, it is preferred to 
adopt the adjusted-R
2 
for evaluation of model fitness, since it is adjusted for the number of 
terms in the model. The adjusted-R
2
 should be over 90% which spell a high degree of 
relationship between the observed and predicted values. Table 4 shows that R
2
 and 
adjusted-R
2
 values for the models did not differ dramatically indicating non-significant 
terms have not been included in the model. Indeed, Table 4 indicates that all the fit 
indices indicated goodness of fit to the estimated model. The main and interaction effects 
of factors upon the responses are depicted in the three-dimensional surface plots (Figs. 5a 
and 5b). Figure 5a shows the combined effect of varying nutrient concentration and 
temperature at a defined acclimation time and agitation speed. Growth was observed to 
follow the normal curve between the temperature of 30
0
C to 36.6
0
C and up to 40
0
C 
reaching the peak growth of almost OD 3.0 from there it was noticed to start an abnormal 
trend. Utilization of nutrient for growth (biosynthesis), is an endergonic process, hence 
require an optimum temperature to function well, although higher temperature affects the 
enzymatic activity of this process which resulted in a declined growth pattern at extreme 
range. The results were in agreement with the previous findings 
[27, 33]
.  However, the 
combined effect of nutrient concentration and acclimation time at a defined temperature 
and agitation speed was insignificant as indicated in Figure 5b.  
    The comparison plots of predicted versus the actual response values in Figures 4a and 
4b, respectively, show a very minimal variance of points from the diagonal point out that 
the model equations can be used to adequately represent the interaction of the three 
factors. The value of predicted (3.01) and actual (3.0), which were depicted graphically by 
the distribution of the predicted values near to the straight reasonable agrees with the 
experimental data (R
2
 0.9984). Indeed, this further confirmed the very good prediction 
ability of the models.   
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Figure 5. Predicted Value versus Actual Plots for B. cereus Growth 
4. Conclusion 
A two level (2
3
) factorial design with two center points was used for investigating the 
linear and interactions effects of varying nutrient concentration under different 
operational parameters of a shake flask. All the variables with the exception of agitation 
speed displayed a significant effect on isolate growth. The results indicated that nutrient 
concentration was more significant both in terms of linear and interaction effects on the 
response. Based on the adequacy testing tables; the estimated model terms spell high 
degree of relationship between observed and predicted values, thus further confirming the 
prediction ability of the models. In conclusion, the estimated model's terms could further 
be utilized to optimize the process conditions of this isolates’ growth. 
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